Objective This study aimed to examine the associations between obesity and percentage vital capacity (%VC), as well as lifestyle-related disorders, among Japanese participants of a voluntary health checkup. Methods Subjects were 7,892 individuals who participated in a medical health checkup from January to December 2007. Multivariate logistic regression analysis was performed to assess associations between low %VC (\80) and body mass index (BMI) and waist circumference (WC), as well as lifestyle-related disorders. Results Medical histories of hypertension and dyslipidemia were more frequent in the low %VC group than in the normal %VC group in both sexes. In men, BMI was significantly associated with low %VC (25.0 B C2 \ 27.5, odds ratio (OR) = 2.10; 27.5 B C3 \ 30.0, OR = 2.23; C4 C 30.0, OR = 3.46) relative to the first category (C1 \ 25.0). A significant association was also observed between WC and low %VC (85 B C2 \ 90, OR = 1.40; 90 B C3 \ 95, OR = 1.55; 95 B C4, OR = 2.51; relative to C1 \ 85.0 cm). In women, BMI was significantly associated with low %VC in C3 and C4 (C3, OR = 2.05; C4, OR = 2.84), and WC was significantly associated with low %VC in C4 (C4, OR = 2.32). Conclusion Our results suggest that obesity may be associated with restrictive pulmonary function and underscore the importance of maintaining ideal body weight for the prevention of restrictive pulmonary dysfunction.
Introduction
Overweight [body mass index (BMI) C25] and obesity (BMI C 30) have become global epidemics in recent years, and are attributed to changes in living standards not only in developed countries but also in developing countries [1] . In 2008, 35 % of adults aged C20 years were reported to be overweight and 11 % obese; in 2012, more than 40 million children aged B5 years were reported to be overweight or obese worldwide [1] . In Japan, the prevalence of obesity (i.e., BMI C 25) was 29.1 % in men and 19.4 % in women in 2012 [2] . Obesity is a major risk factor for non-communicable disorders as well as cardiovascular disorders, and is closely related to morbidity and mortality [3, 4] . The importance of weight control has been emphasized for the primary and secondary prevention of lifestyle-related disorders worldwide [3, 4] .
The associations of obesity with reduced pulmonary function and lifestyle-related disorders have received considerable attention [5] [6] [7] [8] [9] [10] [11] . In particular, a close relationship between obesity and restrictive pulmonary dysfunction has been suggested [8] [9] [10] [11] . Moreover, restrictive pulmonary dysfunction is reportedly associated with a higher mortality rate among the elderly [12] . However, evidence is limited with regard to whether obesity is associated with vital capacity or lifestyle-related disorders among the Japanese population. In this study, we aimed to examine associations between vital capacity and obesity, as well as lifestyle-related disorders among Japanese participants of a voluntary health checkup.
Materials and methods
The present cross-sectional study included 11,376 Japanese individuals who participated in a medical health checkup at Yaesu Medical Heath Checkup Center in Tokyo, Japan, from January to December 2007. Of these, 3,474 were excluded due to missing data, including body weight and waist circumference (WC) (n = 2,526), abnormal chest X-ray findings (n = 130), and past and/or present medical histories of respiratory diseases (n = 818). Consequently, a total of 7,892 participants were included in the study.
Variables
Height (m) and weight (kg) were each measured in the standing position, and BMI was calculated by dividing body weight (kg) by height squared (m 2 ). WC was measured with a non-stretchable tape at the level of the umbilicus in the standing position during late expiration. Respiratory function tests were performed to measure percentage vital capacity (%VC) and percentage forced expiratory volume 1.0 s (%FEV1.0) with an automated spirometer (Autospirometer System 7, Minato Medical Science, Osaka, Japan). Blood pressure was measured using a standard mercury sphygmomanometer from the right or left arm after the participant had rested for at least 10 min in the sitting position. Venous blood samples were collected following overnight fasting. Serum levels of total cholesterol (mg/dL; TC), high-density lipoprotein cholesterol (mg/dL; HDL-C), low-density lipoprotein cholesterol (mg/dL; LDL-C), and triglycerides (mg/dL; TG) were also measured. LDL-C was estimated using the Friedewald equation [(TC) -(HDL-C) -(TG/5)] [13] . Glycosylated hemoglobin A1c (HbA1c) levels were determined by high-performance liquid chromatography using an automated analyzer. HbA1c values in the Japanese Diabetes Society (JDS) % were converted to National Glycohemoglobin Standardization Program (NGSP) equivalent values using the following formula: HbA1c (NGSP %) = 1.02 9 HbA1c (JDS %) ? 0.25 % [14] . Past and present medical histories and lifestyle characteristics were assessed using self-administered questionnaires.
Statistical analysis
The results are presented as mean ± standard deviation (SD) for continuous variables or prevalence (%) for categorical variables. A two-sided student's t test for continuous variables and the Chi square test for categorical variables were used to compare two groups. The values of BMI (C1 \ 25.0, 25.0 B C2 \ 27.5, 27.5 B C3 \ 30.0, C4 C 30.0) and WC (C1 \ 85, 85 B C2 \ 90, 90 B C3 \ 95, C4 C 95) were grouped into four categories. Low %VC was defined as a %VC less than 80 %, and low %FEV1.0 was defined as a %FEV1.0 less than 70 % according to Japanese Respiratory Society guidelines [15] .
To assess whether BMI or WC was associated with low %VC, logistic regression analysis was performed using univariate analysis and two multivariate models for each sex: Model 1 was adjusted for age (10-year increase), BMI, %FEV1.0 (\70), atherosclerotic complications (cardiovascular and cerebrovascular diseases), medical histories (hypertension, diabetes mellitus, dyslipidemia), and smoking behavior; Model 2 was adjusted for age (10-year increase), WC, %FEV1.0 (\70), atherosclerotic complications (cardiovascular and cerebrovascular diseases), medical histories (hypertension, diabetes mellitus, dyslipidemia), and smoking behavior. In women, the proportion of %FEV1.0 (\70) was very low, and thus %FEV1.0 (\70) was excluded from both Models 1 and 2. Dunnett's method was used to analyze associations between %VC levels and categories of BMI and WC. All significance tests were two sided, with P \ 0.05 considered statistically significant. All data were analyzed using SPSS version 22 (IBM SPSS Inc., Chicago, USA).
The study protocol was approved by the Human Ethics Committee of Juntendo University, and written informed consent was obtained from all participants.
Results
Sex-specific characteristics (n = 7,892) are shown in Table 1 . The mean ages of male and female participants were 55.2 (SD, 10.2) and 53.1 (11.7) years in the low %VC group, respectively, and 48.8 (9.7) and 47.5 (10.3) years in the normal %VC group, respectively. BMI and WC were significantly higher in the low %VC group than in the normal %VC group for both sexes [men: BMI, 24.4 (3.4) vs. 23.5 (2.9) and WC, 87.9 (9.5) vs. 85.2 (7.9) cm; women: BMI, 21.9 (3.8) vs. 21.1(3.1) and WC, 80.4 (10.7) vs. 78.0 (8.7) cm]. Atherosclerotic complications were more frequent in the low %VC group than in the normal %VC group for both sexes. Respiratory function tests revealed that mean %VC and FEV1 were significantly lower in the low %VC group than in the normal %VC group for both sexes. Medical histories of hypertension and dyslipidemia were more frequent in the low %VC group than in the normal %VC group for both sexes. Medical history of diabetes mellitus was more frequent in the low %VC group than in the normal %VC group for male participants. The proportion of non-current smokers was significantly lower in the low %VC group for men. those with BMI \ 25.0 (P = 0.02) or WC \ 85 cm (P \ 0.01). Multivariate logistic regression analysis was performed to determine factors associated with low %VC (Tables 2,  3 ). In men (n = 5527), Model 1 showed that the second, third, and fourth categories of BMI were significantly associated with low %VC relative to the first category. WC was also significantly associated with low %VC. In women (n = 2365), C3 and C4 of BMI were significantly associated with low %VC relative to C1, and C4 of WC was significantly associated with low %VC relative to C1.
Discussion
In this single-institution study, BMI and WC, i.e., obesityrelated parameters, were significantly associated with low %VC after adjusting for confounding factors in both sexes. To the best of our knowledge, only a few reports have focused on the association between obesity and restrictive ventilatory impairment as reflected by a low %VC in the Japanese population and our results may be one of the important evidences to assess the association.
Several studies have examined associations between pulmonary function and obesity. A Japanese cross-sectional study reported that BMI and WC were significantly higher in Japanese men with %VC B 95 compared to those with %VC C 96 [8] . Another cross-sectional study in Italy reported that a restrictive respiratory pattern was significantly associated with visceral obesity among components of metabolic syndrome [16] . Although the mechanism underlying the association between obesity and low %VC has not been elucidated, one possible explanation is thoracic restriction associated with obesity [7, 17] , which is attributed to the mechanical effects of fat on the diaphragm and chest wall. The Normative Aging Study, which examined the effects of overall obesity and fat distribution on ventilatory function in 507 Australians, reported that BMI was positively associated with the ratio of FEV1 to FVC at all ages, and negatively with FVC between 40 and 69 years [7] . The EPIC-Norfolk study conducted in the UK reported on the association between abdominal fat deposition and impairment of respiratory function, and demonstrated that both FEV1 and FVC were linearly and inversely related across the entire range of waist to hip ratio in both men and women [17] . Another possible explanation is respiratory muscle weakness associated with obesity, which is attributed to muscle inefficiency due to reduced chest wall compliance and/or lower operating lung volumes [18, 19] . A previous study reported a significantly higher noninvasive tension time index of inspiratory muscle (TTmus) in obese subjects (BMI [ 30) compared to controls, and a significant positive correlation between TTmus and BMI [19] . In our study, BMI and WC were significantly associated with low %VC, suggesting that an imbalance between thoracic restriction and respiratory muscle weakness may lead to decreased %VC in those with obesity. Thus, our data underscores the importance of weight control in maintaining or improving respiratory condition.
In the comparison between low and normal %VC groups, a higher prevalence of lifestyle-related disorders may be observed in the low %VC group compared to the normal %VC group in both sexes. To date, several studies have reported on the association between low VC and lifestyle-related disorders [8] [9] [10] [11] . In the USA, a prospective cohort study of 11,479 middle-aged adults without c Model 1 was adjusted for age (10-year increase), body mass index, percentage forced expiratory volume in 1 s (\70), atherosclerotic complications (cardiovascular and cerebrovascular diseases), medical history (hypertension, diabetes mellitus, dyslipidemia), and smoking behavior d Model 2 was adjusted for age (10-year increase), waist circumference, percentage forced expiratory volume in 1 s (\70), atherosclerotic complications (cardiovascular and cerebrovascular diseases), medical history (hypertension, diabetes mellitus, dyslipidemia), and smoking behavior e 10-year increase diabetes at baseline reported that the fully adjusted hazard ratio (95 % CI) of diabetes in individuals in the lowest quartile was 1.6 (1.3-2.0) in men and 1.7 (1.3-2.1) in women, demonstrating that lower VC was an independent predictor of incident type 2 diabetes [10] . In Japan, a crosssectional study reported that lower VC was significantly associated with diabetes and metabolic syndrome in men, although the relationship was not conclusive in women [9] . Another cross-sectional study reported that a decreased %VC was associated with diabetes, hypertension, hypertriglyceridemia, and cardiovascular disorders among 954 Japanese men [11] . Interestingly, the National Health and Nutrition Examination Survey Epidemiologic Follow-Up Study reported that obstructive lung disease (defined by the Global Initiative for Chronic Obstructive Lung Disease classification) was not significantly associated with the incidence of diabetes, while restrictive lung disease was (hazard ratio = 1.45, 95 % CI 1.04-2.03) [20] . Several possible explanations have been proposed, including insulin resistance [21] and chronic inflammation [22, 23] . A Swedish population-based cohort study reported that subjects with a moderately reduced FVC have an increased risk of developing insulin resistance and diabetes [21] . Moreover, a cross-sectional study that examined associations between pulmonary function, metabolic abnormality, and metabolic syndrome among 2,396 healthy Japanese adults reported that hs-CRP and impaired restrictive pulmonary function, but not obstructive pulmonary function, were significantly associated with metabolic syndrome [22] . These studies may suggest the need to examine lung function in those with obesity during a health checkup. BMI and WC were significantly associated with low %VC, but not with lifestyle-related disorders in multivariate regression analysis. The results may suggest that obesity was strongly associated with low %VC rather than lifestyle-related disorders. Thus, we should pay more attention to obesity in considering lung function. This study has several limitations. First, a possible selection bias cannot be denied, given that the study was conducted in a single health checkup institution in Tokyo, Japan, and that participants were limited to those who voluntarily underwent a medical checkup, i.e., participants may have had increased awareness of health conditions and healthy lifestyle practices. Moreover, the present study did not collect important variables, such as hs-CRP, immunereactive insulin, and adiponectin, and thus could not evaluate patients in terms of insulin resistance and chronic inflammatory status. Future studies should include these variables. Finally, the present study used a cross-sectional analysis, and causal relationships between obesity and %VC could not be fully elucidated. Further analyses of follow-up survey data are needed.
In conclusion, this cross-sectional study revealed that BMI C 25 and WC C 85 cm for men, and BMI C 27.5 and WC C 95 cm for women were significantly associated with low %VC (\80) among Japanese participants. Our findings suggest a possible association between obesity and restrictive pulmonary function and underscore the importance of maintaining ideal body weight to prevent restrictive pulmonary dysfunctions.
